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THURSDAY, FEBRUARY 1, 1906. 


THE PHILOSOPHIC FOUNDATIONS OF 
SCIENCE. 

Science and Hypothesis. By Prof. H. Poincare. 
Pp. xxvii + 244. (London: The Walter Scott Pub¬ 
lishing- Co., 1905.) Price 3s. 6 d. 

Wissenschaft und Hypothese. By Prpf. H. Poincar^. 
Autorisierte deutsche Ausgabe. Translated by 
F. and L. Lindemann. Pp. xvi + 342.' (Leipzig: 
Teubner, 1904.) Price 4.80 marks. 

SCIENTIFIC man, while actively engaged in 
work of research, must have faith in the solidity 
of the foundations on which he builds his reasoning 
in order to preserve the persistent patience which is 
necessary if his work is to be successful. Were he 
to doubt that there are laws which cannot be broken, 
were he to examine critically every brick in his founda¬ 
tion in order to discover some secret flaw which might 
endanger the safety of his edifice, he would become 
a philosopher, but as a man of science he would go 
to swell the ranks of the unemployed, Nevertheless, 
we must assign a proper place in the history of 
scientific thought to the spirit of scepticism which 
throws doubt on the premises, has no faith in the 
reasoning, and only grudgingly concedes the con¬ 
clusions. If I have qualified the statement contained 
in the opening sentence and confined its application 
to the time a man is actively engaged in scientific 
work, it is because there are periods in every man’s 
life when it is good for him to dig down to the bottom 
of his beliefs. Nor will the critical examination of 
axioms and definitions be without profit; for it will 
tend to loosen the ties of preconceived notions which 
keep men of science, like other mortals, in bondage. 

The special difficulty of inquiring into the laws 
which form the basis of our scientific beliefs consists 
in the fact that it is apt to lead us round in a circle. 
When we have tried to formulate a law of nature, we 
often discover that we have only defined a scientific 
term. A superficial mind, satisfied with this dis¬ 
covery, would proclaim that all science resolves itself 
into definitions and conventions, but a closer examin¬ 
ation exposes the shallowness of such a conclusion. 
If among a number of possible definitions we choose 
a particular one, there must be a deeper meaning in 
the propriety of the choice. Even though a law may 
be of our own making, to use Prof. Poincard’s de¬ 
scriptive language, “ our decrees are those of an 
absolute but wise ruler who consults his Council of 
State.” The inquiry into a law of nature resolves 
itself, therefore, into an inquiry why that particular 
law is more convenient than others that can be 
imagined, but this conclusion only brings us back 
to our starting point, the question as to the truth of 
a law and its convenience being identical. 

Prof. Poincare’s volume will come as a revelation 
to many who have thought but little about these 
matters, and as a relief to others who have attempted 
without success to arrive unaided at a conclusion 
satisfactory to themselves. But the book requires 
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close and careful study, and a superficial gleaning 
of its contents would probably lead to mental disaster. 
For, even following Prof. Poincare’s guidance, we feel 
ourselves all the time walking along a precipice, at 
the bottom of which is written, “ You shall never 
know anything of the real construction of the material 
universe.” The author seems to enjoy taking us very 
near the edge of that pit, and when he whispers into 
our ears, “ what you cannot know is not worth 
knowing,” we feel as if he intended to throw us over. 
But he has a sense of humour which saves him and 
us, and there is always a solution which we should 
perhaps have rejected at first sight, but which we 
are glad to accept after a contemplation of the less 
cheerful alternatives which have been brought into 
our view. There is certainly no one with the same 
intimate knowledge of mathematical and physical 
science who could have written with the same 
authority and produced a volume in which so much 
charm and originality are condensed. The wealth of 
his store of illustration is boundless, and the stringency 
of his logic leaves us without answer. Even in cases 
when our instincts rebel, we are carried away by the 
fascination of the language, which in each subdivision 
of the subject takes us with dramatic power to its 
artistic denouement. 

Could and should such a book be translated? The 
fascination of the original can certainty never be 
reached, but translation is allowable w T here the main 
argument can be reproduced without loss of clearness, 
though the delicacies of meaning to which the French 
language peculiarly adapts itself will undoubtedly be 
lost. 

The English translation errs, perhaps, on the side 
of following too literally every sentence, and some¬ 
times even every word in the sentences, of the French 
original. The meaning of the text is carefully though 
often awkwardly preserved. While the reader is not 
carried away by the incisive character of expression 
which belongs to the original, he will in most cases 
be able to re-construct the dominant idea. The 
German translation is more successful. We must 
ascribe this in the first place to the fact that one of 
the translators has himself made important contri¬ 
butions to certain parts of the subject, and, feeling 
himself secure in apprehending the meaning, has 
been able to reproduce the sense without putting any 
strain on the language. The result is that, while no 
one could read a few pages of the English edition 
without recognising the fact that it is a translation, 
the German carries with it much more of the freshness 
of an original book. The German translator is also 
to be commended for the addition of a good index. A 
series of notes is added, which take up a considerable 
fraction of the whole volume. Many of these notes will 
be useful, as they supply references to writings where 
the readers can study in greater detail important 
points on which Prof. Poincar6 only touches with a 
passing allusion. But I cannot refrain from criticis 
ing the introduction of controversial matter. Differ¬ 
ences of opinion between Sophus Lie and Prof, 
Lindeman are surety out of place in the translation 
of a book of this nature. 

P 
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It is time to refer more particularly to the contents 
of the book. The volume opens with a chapter on the 
nature of mathematical reasoning, which * is shown 
to be contained in a power of generalisation dependent 
on recurrent reasoning. When we have proved a 
theorem for one number, and show that if true for 
any number a, it is also true for a number a+i, we 
may assert it to be true for all numbers. This is the 
generalisation which, according to Poincare, lies at 
the bottom of all mathematical argument, and allows 
us to pass from the finite to the infinite. The second 
chapter brings mathematical quantities into relation¬ 
ship with experiment, and treats, among other things, 
of incommensurable quantities and the creation of 
the physical and mathematical continuum. We are 
made to understand how, adopting a certain defini¬ 
tion of a line which would satisfy most of us, 
the diagonal and inscribed circle of a square have 
no point in common, and we are then asked to 
admit the possibility of a curve which has no tangent. 
But a greater surprise is in store for us in the second 
portion of the book, where, in the course of an admir¬ 
able discussion of the geometries of Lowatchewski 
and Riemann, we are introduced to the possibility 
of a fourth geometry, in which a right line may be 
at right angles to itself. This part of the book will 
probably be the one most valued by the student of 
experimental science, because it deals with an aspect 
of the subject which, though foreign to his customary 
plane of thought, must be of the highest interest if 
he desires to dip a little below the surface. 

The conception of space and the relation of 
geometry to experiment are discussed briefly, but 
with great precision and clearness. The foundations 
of geometry are shown to be experimental. “ If 
there were no solid bodies in nature, there would be 
no geometry.” Yet, though founded on experiment, 
the laws of Euclidean geometry can never be upset 
by experiment: 

41 If, then, to contemplate the impossible, one were 
to discover negative parallaxes, or to find that all 
parallaxes lie above a certain limit, one would have 
the choice between two conclusions : We might reject 
the Euclidean geometry or, on the other hand, we 
might modify the laws of optics by admitting that 
light is not accurately propagated in straight lines. 
It is unnecessary to add that everybody would choose 
the latter alternative as most convenient.” 

The final conclusion is that “ geometry is not 
true: it is convenient.” 

More than one-third of the book having been taken 
up with the discussion of the fundamental notions of 
mathematics, we are fully equipped to enter into the 
discussions of the laws more particularly associated 
with physics. All those who care to think of these 
matters at all must have given some attention to the 
nature of the so-called laws of motion. They will 
find much in Prof. Poincard’s reflections that has been 
familiar to them, and something, perhaps, that they 
have vaguely felt, but not been able to put into 
definite form. One point which is brought out clearly, 
which, speaking for myself, I had not sufficiently 
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realised, consists in the difficulty of finding inde¬ 
pendent measures of both force and mass unless the 
third law. of motion is treated as an axiom. The dis¬ 
cussion of the third law will be found to be full of 
interest. Too little importance, perhaps, is attached 
to what the author calls “ anthropomorphic 
mechanics.” This is surprising, as anthropomorphic 
ideas are used by him so freely and convincingly in 
his foundation of geometrical laws. It is true enough 
that no one has yet been able to find a scientific basis 
of mechanics in an anthropomorphic conception of 
force, but at the same time I do not believe that 
anyone has ever truly reasoned about force without 
such idea forming the real moving spring of his 
thoughts. “ One could not maintain,” Prof. Poincard 
says, “ that the sun is conscious of a muscular effort 
when he attracts the earth.” That is true enough, 
but we are able in our imagination to attach the idea 
of muscular effort to every effect of force in the same 
way as we can feel sympathetic pain for a friend 
who lies on the operating table, though our reason 
tells us that he himself is quite unconscious of pain. 
In that case we project our own sensitive and con¬ 
scious mind into his unsensitive body, and to some 
extent feel the operator’s knife. There are probably 
great differences in the way different brains work, but 
I could not myself form an idea of the mechanics of 
the solar system without imagining myself at its 
centre and consciously pulling the planets towards me. 
In the same way, if I imagine myself freely placed 
in space, I at once become conscious of a pull towards 
the sun. That anthropomorphism has played an 
important part in the history of mechanics is admitted 
by the author, but he restricts the philosophy of science 
to the discussion of the symbols which can be reduced 
to measurement. 

Prof. Poincard’s discussion of the principles of the 
conservation of energy will be read with interest. 
That principle has been abused by energy specialists 
in a manner which could not fail to call forth a whole¬ 
some reaction. The weak point which Prof. Poincard 
specially exposes) seems, however, to me to touch 
not so much the enunciation of the principle as the 
difficulty of identifying - potential and kinetic energies 
in cases where the mechanism of the phenomena is 
unknown to us. This only means that science is not 
sufficiently advanced to specify completely the different 
forms of energy. This most of us admit, while the 
Energetiker deliberately uses the principle of energy for 
the purpose of hiding his ignorance. Thermodynamics 
is briefly dwelt upon, but we should have liked to 
hear more of the author’s views on the dissipation of 
energy. The far-reaching consequences of the gradual 
decay of regular motion assign to the second law of 
thermodynamics a predominant place, and put the im¬ 
portance of the first law completely into shade. Lord 
Kelvin’s principle of dissipation of energy has opened 
out a common ground lying on the borderland between 
physics and metaphysics which has not been cultivated 
so much as it deserves to be. 

It is not possible to follow Prof. Poincard in his 
discussions of selected questions of modern theories 
of physics. They will be read with interest, though 
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many of us will not agree that “ a day will come when 
the ether will be rejected as useless.” 

The reader will place the book—if possible the 
original, but faute de mieux its translation—on his 
shelves with the intention of frequently spending an 
instructive quarter of an hour with it. Each time he 
carries out his intention he will realise more the truth 
of the author’s remark : “ To doubt everything or to 
believe everything are equally convenient solutions : 
both absolve us from the necessity of thinking.” 

Arthur Schuster. 


THE INTELLIGENCE OF ANIMALS. 
Comparative Studies in the Psychology of Ants ancl 
of Higher Animals. By E. Wassmann, S.J. Pp. 
x + 200. (St. Louis, Mo., and Freiburg: B. Herder; 
London : Sands and Co., 1905.) Price 45. 6 d. net. 
MONO those who have most carefully and 
successfully studied the habits and psychology 
of ants, Father Wassmann occupies a place in the 
front rank. He has especially devoted his attention 
to the curious and complicated relations which exist 
between ants and their domestic animals. Of these, 
he gives a list comprising no less than 1246 species ! 
Father Wassmann is an accurate and careful observer, 
and his writings are most interesting. 

To show how conscientiously he has studied the 
ants of his own district I may mention that he made 
a census of the ants’ nests round his home. Many 
communities have more than one nest. Of Formica 
sanguine a , which he regards as the most gifted of 
European ants, he records 2000 nests belonging to 
410 communities! Most of them have separate 
summer and winter nests, or rather nests for warm 
and dry, or cold and wet seasons. 

Father Wassmann is by no means one of those who 
regard ants as exquisite automatons, “ devoid even of 
the simplest sensitive perception and cognition.” I 
quite concur with him—indeed, I expressed the same 
opinion nearly fifty years ago—that “ the life of ants 
is the climax of development in instinctive life 
throughout the animal kingdom”; and that “the 
chasm between the psychic life of animals and that 
of man, is, in many respects, wider between ape and 
man, than between ant and man.” 

Father Wassmann is also, I believe, quite correct 
in alleging that Buechner and Brehrn, and even 
Romanes, have accepted many statements implying 
intelligence on the part of animals for which there 
was no sufficient evidence, some of which, indeed, were 
quite absurd; and, secondly, that they have in some 
cases built upon them conclusions for which there is 
no foundation, and which will not stand the test of 
critical examination. 

On the other hand, I am unable to follow him 
when he altogether denies to ants any, even the most 
exiguous, rudiments of intelligence. As in the cases 
of Darwin and Forel, the conclusion forced upon me 
has been that animals, and especially ants, do possess 
some elements of intelligence. In that we agree with 
the vast majority of those who have studied dogs, 
elephants, &c. 
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Father Wassmann defines intelligence as “ the 
power of acting with deliberation and self-conscious¬ 
ness, of inventing new means for attaining various 
purposes and thus making progress in civilisation.” 
But if ants are descended from an original common 
stock in bygone times, no one will deny that they 
have “ invented new means for attaining various 
purposes and thus making progress in civilisation.” 
Moreover, even now we see them adapting themselves 
to the circumstances of their complex life in a manner 
which it is surely an abuse of terms to call “ instinc¬ 
tive.” He admits that the observations of all who 
have studied ants conclusively demonstrate that ants 
are not mere reflex machines, but beings endowed 
with sensitive cognition and appetite, and with the 
power of employing in the most various manner their 
innate, instinctive faculties and abilities under the 
influence of different sense-perceptions. Surely, then, 
under his definition it is impossible to deny that they 
have some intelligence. 

For instance, in constructing their nests, as Father 
Wassmann admits, ants do not “ cooperate with the 
regularity of a machine or according to a rigid pat¬ 
tern, but each ant with evident liberty follows her own 
impulse and her own plan. ...” 

“As a rule the most zealous and skilful worker 
is imitated most; her zeal is catching, so that she 
directs the activity of the others into the same 
channel. ” 

Indeed, Father VVassmann’s fairness and love of 
truth compel him to make several candid admissions 
which seem fatal to his position. For instance, an 
Algerian ant ( Myrmecocystus altisquamis) has wide 
open entrances to the nest. A colony, however, which 
Forel brought to Switzerland, being much annoyed 
by the attacks of Tetramorium caespitum, gradually 
contracted the doorways. On this Father Wassmann 
admits that, “ as Forel says, these facts afford irre¬ 
futable evidence of the great plasticity of ant instinct. 
For, this instinct is not merely a nervous mechanism 
forced to operate along uniform lines; it includes 
sensitive cognition and appetite, which are not only 
of an organic but also of a psychic nature.” 

Again, “ within these limits, however, we find a 
wonderful adaptation of means to the end, and at 
times a marvellous sagacity of animal instinct, which 
appears nowhere else to such advantage.” 

“ This phenomenon manifests the marvellous 
sagacity and quasi-intelligent plasticity of animal in¬ 
stinct, which can hardly be styled' ‘ automatism. ’ 
Neither can it be identified with intelligence properly 
so-called, for this would suppose rational knowledge 
of the internal laws governing the growth of the 
ant organism, a knowledge far surpassing even the 
intelligence of man and entirely beyond the reflections 
and experience of ants.” 

Surely, however, if ants have sagacity they must 
have intelligence. Nor is the attribution to them of 
“ sagacity ” an isolated case. Again on p. 157 he 
says :— 

“ Their sagacity is instinctive, essentially different 
from intelligence and reflection. Ants are in their 
every action guided directly by sensitive perceptions, 
not by intellectual ideas. The enigma, therefore, is 
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